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© Disclosed is a method of forming grooves in 
dynamic pressure fluid bearing to provide desired 
surface precision without surface finishing of shaft. A 
shaft core member 1a of a radius, which is deter- 
mined by subtracting the radius of the completed 
shaft 1 from the depth of the dynamic pressure 
generating grooves 4, is prepared, and then anti- 
abrasive hard electroless plating is applied to form a 
plated layer 2 of a thickness equal to the depth of 
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the dynamic pressure generating grooves 4. Then, a 
resist 3 is printed on curved surface of the plated 
layer 2, excluding areas where the dynamic pressure 
generating grooves 4 are to be formed. The plated 
layer 2 is then removed by etching in areas where 
the grooves 4 are to be formed, and then the resist 3 
is removed to provide the shaft 1 provided with the 
dynamic pressure generating grooves 4. 

FIG. 1 
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BACKGROUND OF THE INVENTION 

Held of the Invention 

The present invention relates to a method of 
forming grooves in a dynamic pressure fluid bear- 
ing adapted for use in a light deflecting device of a 
laser beam printer or the like. 

Related Background Art 

In particular, the present invention relates to a 
method of forming grooves on curved surface of a 
rotary shaft 105, employed in a motor with a dy- 
namic pressure fluid bearing shown in Fig. 16. 

Said motor shown in Fig. 16 is disclosed in the 
U.S. Patent No. 5,097,164. 

Referring to Fig. 16, a flange member 103 is 
seaJably fixed through an O-ring 102 on a bottom 
face of an outer tube 101 by bolts or the like. A 
fixed shaft 104 extending into the interior of the 
motor is fixed in a central hole of said flange 
member 1 03 by shrinkage fitting. 

On the curved surface of said fixed shaft 104 
there are provided grooves 105 of herring bone 
grooves or spiral grooves. A rotary sleeve 106 is 
rotatably fitted around the shaft 104 with a gap of 2 
to 20 urn therebetween. Inside said rotary sleeve 
106 and close to the upper end face of said fixed 
shaft 104, there is fitted a thrust bearing 108 having 
a constriction hole 107 at the center. Also, at the 
lower end portion of said rotary sleeve 106, there is 
provided a suction hole (including a notch or a slit) 
131 for introducing the air inside the casing to the 
curved surface of said fixed shaft 104 (inside the 
rotary sleeve 106). 

A dynamic pressure fluid bearing utilizing air or 
nitrogen gas as the medium is constituted by the 
internal face of said rotary sleeve 106, the curved 
surface of said fixed shaft 104, the thrust bearing 
1 08 and the suction hole 131. 

A polygon mirror 109 is fixed by pressing or 
with screws on an upper flange 128 of said rotary 
sleeve 106. Magnets 110, constituting the rotor of 
the motor, are fixed by adhesion on the lower 
curved surface of said rotary sleeve 106. A balance 
ring 111 for dynamic balance is fixed on an end 
face of said rotor magnets 110. 

Opposed to the magnets 110, there is provided 
a stator 112 which is fixed to the outer tube 101, 
and a Hall element 113 for detecting the variation 
in the magnetic field and a Hall element (not 
shown) for detecting the revolution for PLL control 
are fixed to the stator 112 by means of a printed 
circuit board 114 and a holder 115, and these 
components constitute rotary driving means. 

On the outer tube 101, there is hermetically 
fixed, for example by adhesion, a glass window 



124 for introducing and emitting laser beams sub- 
jected to deflection by the polygon mirror 109. 

On said outer tube 101, there is hermetically 
fixed, across an O-ring 116, a cap member 127 

5 constituting a part of the casing divided for facilitat- 
ing the assembly. 

Also, on said outer tube 101, connector mem- 
bers 121, 122 for connecting the electric wirings of 
the motor with the external circuit are sealed on 

70 said outer tube with sealant or adhesive 123, so 
that the interior of the motor casing is completely 
sealed from the exterior. 

For activating the motor, a current is given to 
the coils of the stator 112, whereby the rotary 

is sleeve 106 starts to rotate in a predetermined di- 
rection by the magnetic repulsive and attractive 
forces of the magnets 110. 

As a result, because of the air flow between the 
grooves 105 of the fixed shaft 104 and the internal 

20 surface of the rotary sleeve 106. the air in the 
casing flows from the entrance 131 formed at the 
lower end of the rotary sleeve 106 into the space 
around the fixed shaft 104, and further flows along 
the grooves 105 formed on the fixed shaft 104, 

25 thereby generating a pressure in the radial direc- 
tion. 

Also, a pressure is generated in the thrust 
direction by constriction of air flow by the hole 107 
of the upper thrust bearing 108. 

30 Consequently, the rotary sleeve 106 continues 

to rotate without contacting the fixed shaft 104 both 
in the radial and thrust directions. 

The shaft of the above-explained dynamic 
pressure fluid bearing is provided with fine grooves 

35 for generating the dynamic pressure, and the preci- 
sion of said grooves and the surfacial precision of 
the curved surface of the shaft are important fac- 
tors governing the rotational reliability of the bear- 
ing. For this reason, there have been proposed 

40 following methods for forming said grooves. 

A first method for forming the grooves for 
dynamic pressure generation consists of coating a 
resist on the curved surface of a shaft member with 
polished surface, excluding areas where the 

45 grooves are to be formed, and etching the areas 
not coated with the resist. Fig. 17 is a schematic 
cross-sectional view of a dynamic pressure gen- 
erating groove formed by such etching, and an 
undercut 62a is formed on the internal wall, close 

so to the aperture of a dynamic pressure generating 
groove 62, formed on the curved surface of the 
shaft 61. 

A second method utilizes rolling. As shown in 
Fig. 18, a dynamic pressure generating groove 72 
55 formed by this method on a shaft 71 often shows a 
shoulder 72a at the aperture of said groove. 

A third method consists of forming a film of a 
material capable of easily absorbing a laser beam 
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on the curved surface of a shaft material, and 
forming grooves for dynamic pressure generation 
by eliminating said film with a laser beam, as 
disclosed in the Japanese Patent Laid-open Ap- 
plication No. 62-1886. 

The prior arts explained above have been as- 
sociated with the following drawbacks. 

The method based on etching involves a high 
cost, because the shaft surface has to be finished, 
for example, by polishing, in order to obtain a 
predetermined surface precision. Also, the method 
based on rolling provides grooves which are com- 
plex in the cross-sectional shape and are not con- 
stant in the cross-sectional area along the longitudi- 
nal direction, because of the shoulder formation. 
Consequently, the dynamic pressure fluctuates dur- 
ing rotation, and the shaft shows fluctuation in 
revolution and vibration. Also, the method utilizing 
the laser beam involves a high cost, because of the 
complexity of the apparatus required. 

SUMMARY OF THE INVENTION 

In consideration of the foregoing, an object of 
the present invention is to provide a method of 
forming grooves for a dynamic pressure fluid bear- 
ing, capable of providing a predetermined surfacial 
precision without the surface finishing of the shaft, 
and forming highly precise grooves which are con- 
stant in the cross-sectional shape and area in any 
position in the longitudinal direction of the grooves. 

The above-mentioned object can be attained, 
according to the present invention, by a method for 
forming grooves of a dynamic pressure generating 
bearing, comprising steps of plating a shaft core 
member to form a plated layer thereon then print- 
ing a resist on curved surface of the plated layer 
other than areas where the dynamic pressure gen- 
erating grooves are to be formed, eliminating the 
plated layer in the areas where the grooves are to 
be formed by means of etching, and removing the 
resist. 

Said plating is preferably antiabrasive hard 
etectroless plating. 

The above-explained method allows to option- 
ally set the depth of the dynamic pressure generat- 
ing grooves by regulating the thickness of the 
plated layer formed on the shaft core member in 
the plating step, and to provide the grooves of an 
optional shape by varying the shape of the resist 
coating. Also, the curved surface of the shaft shows 
the predetermined surfacial precision without sur- 
face finishing, because of formation of the plated 
layer. 

A second object of the present invention is to 
provide a method of forming grooves, comprising 
steps of applying a coating for preventing plating 
deposition in areas of a shaft core member where 



the dynamic pressure generating grooves are to be 
formed, then forming a plated layer, and eliminat- 
ing said coating. 

The above-mentioned method allows to option- 

5 ally set the depth of the dynamic pressure generat- 
ing grooves by regulating the thickness of the 
plated layer formed on the shaft core member in 
the plating step, and to provide the grooves of an 
optional shape by varying the shape of the coating. 

io A third object of the present invention is to 

provide a method of forming grooves, comprising 
steps of printing an anti-abrasive surface coating 
material on a shaft core member, excluding areas 
where the dynamic pressure generating grooves 

rs are to be formed, and hardening said surface coat- 
ing material. 

Said surface coating material is preferably an 
inorganic coating material of metal alkoxyde family. 
The above-explained method allows to option- 

20 ally set the depth of the grooves by regulating the 
thickness of the anti-abrasive coating material to be 
printed on curved surface of the shaft core mem- 
ber, and to obtain grooves of optional shape by 
varying the shape of the printing plate. Also, the 

25 working of the shaft core member can be facilitated 
as a soft material can be selected therefor. 

A fourth object of the present invention is to 
provide a method of forming grooves, wherein 
upon printing of a coating material on curved sur- 

30 face of the shaft core member for groove forma- 
tion, said shaft core member with a predetermined 
pressure to a printing roller provided with recesses 
of a predetermined groove shape, thereby transfer- 
ring the coating material. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 3D illustrate a first embodiment of 
the present invention, wherein: 
40 Fig. 1 is a schematic plan view showing a state 

in which a resist is printed on a shaft core 

member bearing a plated layer, as a step of the 

method of the present invention; 

Fig. 2 is a schematic lateral view of a gravure 
45 offset printing machine for printing a resist used 

in a step of the method of the present invention; 

Figs. 3A to 3D illustrate steps of the method of 

the present invention, wherein: 

Fig. 3A is a schematic cross-sectional view of a 
so state in which a plated layer is formed on the 

shaft core member; 

Fig. 3B is a schematic cross-sectional view of a 
state in which a resist is printed on the curved 
surface of the plated layer; 
55 Fig. 3C is a schematic cross-sectional view of a 
state in which the plated layer has been re- 
moved by etching in areas where the dynamic 
pressure generating grooves are to be formed; 
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and 

Fig. 3D is a schematic cross-sectional view of a 
state in which the resist has been removed; 
Figs. 4 to 9 illustrate a second embodiment of 
the present invention, wherein: 

Fig. 4 is a schematic partial plan view of a state 
in which the resist material is printed on the 
shaft core member, as a step of the method of 
the present invention; 

Fig. 5 is a schematic lateral view of a gravure 
offset printing machine for printing a resist, used 
in a step of the method of the present invention; 
Fig. 6 is a schematic cross-sectional view of a 
state in which the resist is printed on the shaft 
core member, as a step of the method of the 
present invention; 

Fig. 7 is a schematic cross-sectional view of a 
state in which the plated layer is formed on the 
shaft core member, as a step of the method of 
the present invention; 

Fig. 8 is a schematic cross-sectional view of a 
state in which the plated layer 4 is left by the 
removal of the resist, as a step of the method of 
the present invention; 

Fig. 9 is a schematic cross-sectional view of the 
dynamic pressure generating grooves in which 
the plated layer is formed by electrolytic plating, 
in the second embodiment of the present inven- 
tion; 

Figs. 10 and 11 illustrate a third embodiment of 
the present invention, wherein: 

Fig. 10 is a schematic partial plan view of a 
shaft provided with dynamic pressure generating 
grooves, prepared according to the method of 
the present invention; 

Fig. 1 1 is a schematic lateral view of a gravure 
offset printing machine for printing a surface 
coating material, in a step of the method of the 
present invention; 
Figs. 12 to 15 illustrate a fourth embodiment of 
the present invention, wherein: 

Fig. 12 is a schematic partial plan view of a 
shaft provided with dynamic pressure generating 
grooves, prepared by the printing method for 
the coating material of the present invention; 
Fig. 13 is a schematic partial plan view of a 
state in which the resist is printed on the shaft 
core member, as a step employing the printing 
method for the coating material of the present 
invention; 

Fig. 14 is a schematic cross-sectional view of a 
state in which the plated layer is formed on the 
shaft core member, as a step of the method of 
the present invention; 

Fig. 15 is a schematic view of a printing ma- 
chine employed in the method of the present 
invention; 



Fig. 16 is a cross-sectional view of a motor 
employing a shaft prepared by the method of 
the present invention; 

Fig. 17 is a schematic cross-sectional view of a 
5 groove formed by etching; and 

Fig. 18 is a schematic cross-sectional view of a 
groove formed by rolled working. 

DESCRIPTION OF THE PREFERRED EMBODI- 
70 MENTS 

In the following there will be explained a first 
embodiment of the present invention, with refer- 
ence to the attached drawings. 

is Figs. 1 to 3D are views showing the steps of 

said embodiment. 

As shown in Fig. 3A, a shaft core member 1a 
of a radius determined by subtracting the radius of 
the completed shaft 1 from the depth of the dy- 

20 namic pressure generating grooves 4 is prepared 
in advance. After ordinary washing and surface 
activation in succession, anti-abrasive hard elec- 
troless plating is conducted to form a plated layer 2 
of a thickness equal to the depth of said dynamic 

25 pressure generating grooves 4. 

Then, after the shaft core member 1a having 
the plated layer 2 formed is rinsed and dried, a 
resist 3 is printed, as shown in Fig. 3B, on the 
curved surface of the plated layer 2, excluding 

30 areas where the dynamic pressure generating 
grooves 4 (cf. Fig. 3D) are to be formed. Fig. 1 
shows a state after the printing of the resist 3. An 
example of said resist is epoxy resin-based ink 
supplied by Tampoprint GmbH, Germany. 

35 Said resist 3 can be conveniently printed by a 

gravure offset printing machine as shown in Fig. 2. 
The resist 3 supplied from a resist supply unit 23 
to a gravure roll 21, is accommodated in a re- 
cessed plate 22 by a doctor blade 24, then trans- 

40 ferred onto an offset roller 20 and printed onto the 
curved surface of the plated layer 2 of the shaft 
core member 1a. 

After the printed resist is hardened, the plated 
layer 2 is removed by etching in areas where the 

45 dynamic pressure generating grooves are to be 
formed, as shown in Fig. 3C. Said resist material 3 
is then removed as shown in Fig. 3D to obtain the 
shaft 1 equipped with the dynamic pressure gen- 
erating grooves 4. 

50 

[Example] 

A shaft core member of stainless steel having 
diameter of 3.99 mm was subjected to alkali wash- 
55 ing and surface activation with hydrochloric acid in 
succession. After removal of the surfacial oxide film 
on stainless steel, said shaft core member was 
immersed in a nickel bath and subjected to so- 
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called nickel striking for depositing a nickel film by 
an electric current. Subsequently, anti-abrasive 
hard electroless plating of cobalt-phosphor alloy 
(pH 9.2, 90 *C) was conducted for 50 minutes to 
obtain a plated layer of a thickness of 5 ± 0.5 urn. 

In the above-explained example, nickel striking 
was conducted because the shaft core member 
was made of stainless steel, but it is not necessary 
in the case the shaft core member is made of 
carbon steel or the like. 

Preferred examples of the anti-abrasive hard 
electroless plating, other than that explained above, 
are nickel-tungsten-boron alloy (pH 6.5, 65 *C, 60 
minutes) and nickel-boron alloy (pH 6.5, 65*C, 45 
minutes). There may also be employed nickel- 
phosphor alloy (pH 4.5, 90 *C, 15 minutes) or 
tetrafluoroethylene-containing nickel alloy (pH 5.1, 
90 *C, 30 minutes). 

The present embodiment explained above pro- 
vides following advantages, tt allows to optionally 
select the shape of the dynamic pressure generat- 
ing grooves, and also to optionally select the depth 
of said grooves by regulating the thickness of the 
plated layer. Also, the manufacturing cost can be 
reduced since the surface finishing is not required 
after removal of the resist. 

In addition there can be obtained a shaft with 
satisfactory durability by forming the plated layer 
with hard electroless plating. 

In the following there will be explained a sec- 
ond embodiment of the present invention. 

As shown in Figs. 4, 6 and 8, a shaft core 
member 10a of a radius determined by subtracting 
the radius of the completed shaft 10 from the depth 
of the dynamic pressure generating grooves is 
prepared. After degreasing, a resist 14 serving as a 
coating for preventing the deposition of the plated 
layer is printed on said shaft core member 10a in 
areas where the grooves 12 are to be formed with 
a thickness corresponding to the depth of said 
grooves. 

Said printing can be conveniently conducted 
with a gravure offset printing machine as shown in 
Fig. 5. The resist 14 supplied from a resist supply 
unit 23 equipped with a doctor blade 24 to re- 
cessed patterns 22 of a gravure roll 21, is trans- 
ferred onto an offset roller 20 and is printed on the 
curved surface of the shaft core member 10a. 

After the printed resist 14 is hardened by bak- 
ing, there are conducted ordinary steps of washing, 
surface activation and nickel striking in succession, 
and then anti-abrasive hard electroless plating is 
conducted to obtain a plated layer 3 of a predeter- 
mined thickness. 

Then, after rinsing and drying the resist 14 is 
removed to form the above-mentioned grooves 12. 
Said removal of the resist material is conducted by 
immersion in solution of an organic acid, such as a 



monocarboxylic acid. 

In the following there will be explained another 
embodiment. Fig. 9 is a schematic cross-sectional 
view, showing the cross-sectional shape of a dy- 

5 namic pressure generating groove formed by elec- 
trolytic plating instead of the above-mentioned anti- 
abrasive hard electroless plating. In this embodi- 
ment, a projection 13a is formed at the edge of the 
aperture of the dynamic pressure generating 

w groove 12. Said projection 13a has to be removed 
in a post-working step. Other steps can be same as 
those in the foregoing embodiment. 

[Example] 

75 

A shaft core member of stainless steel having 
diameter of 3.99 mm was prepared. After deg- 
reasing with alkali solution, a resist was printed with 
a thickness of 5 um or larger in areas on the 

20 curved surface of said shaft core member where 
the grooves were to be formed. 

Said resist was preferably composed of epoxy 
ink, or ceramic ink known under a trade name of 
Printon PI Series of Nippan Kenkyusho, in consid- 

25 eration of the printability, resistance to acids and 
alkalis, adhesion to the shaft core member and 
easiness of removal after plating. 

After the printed resist was hardened by baking 
(20 minutes at 150*C), there were conducted the 

30 known steps of alkali washing, surface activation 
with hydrochloric acid and nickel striking, and anti- 
abrasive hard electroless plating of cobalt-phosphor 
alloy (pH 9.2, 90* C) was conducted for 30 minutes 
to obtain a plated layer of a thickness of 5 ± 0.5 

35 urn. 

In the above-explained example, the nickel 
striking was conducted because the shaft core 
member was composed of stainless steel, but it is 
not necessary if the shaft core member is of car- 

40 bon steel or the like. 

Also, for the anti-abrasive hard electroless plat- 
ing, there may be employed nickel-tungsten-boron 
alloy (pH 6.5, 65 # C, 60 minutes) or nickel-boron 
alloy (pH 6.5, 65* C, 60 minutes) instead of the one 

45 explained above. 

The present embodiment explained above can 
provide following advantages. 

It allows to select an optional shape for the 
dynamic pressure generating grooves and to form 

50 highly precise grooves having constant cross-sec- 
tional shape and area in any position along the 
longitudinal direction of said grooves. Also, the 
depth of said grooves can be optionally selected 
by regulating the thickness of the plated layer. 

55 Also, the plated layer prepared by hard elec- 
troless plating improves the finishing of the ap- 
erture of grooves, thereby eliminating the necessity 
for post-working and providing a shaft with satisfac- 
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tory durability. 

In the following there will be explained a third 
embodiment of the present invention, in which an 
anti-abrasive surface coating material is coated on 
the curved surface of a shaft core member, exclud- 
ing areas where the dynamic pressure generating 
grooves are to be formed, and said surface coating 
material is then hardened. 

Fig. 10 is a schematic partial plan view of a 
shaft with dynamic pressure generating grooves, 
prepared according to the present embodiment. 

At first there is prepared a shaft core member 
10a of a radius determined by subtracting the 
radius of the shaft 30 from the thickness of the 
anti-abrasive surface coating material 32. An anti- 
abrasive surface coating material 32 is coated on 
the curved surface of the shaft core member 32a, 
excluding areas where the dynamic pressure gen- 
erating grooves 33 are to be formed, and said 
surface coating material 32 is hardened to form 
said grooves 33, thereby completing the dynamic 
pressure generating shaft 30. 

Said surface coating material 32 is preferably 
printed for example by a gravure offset printing 
machine as shown in Fig. 11. The surface coating 
material 32, supplied from a supply unit 37 
equipped with a doctor blade 38 to recesses 36 of 
a gravure roller 35, is transferred to an offset roller 
34, and is continuously printed on the curved sur- 
face of the shaft core member 30a. 

Said surface coating material may also be 
printed by a letterpress offset printing. 

[Example] 

A stainless steel rod was machined to a diam- 
eter of 3.99 mm to obtain a shaft core member. 

Said shaft core member was subjected to alkali 
degreasing and surface activation with hydrochloric 
acid, and then an inorganic coating material con- 
sisting of a metal alkoxyd was coated with a thick- 
ness of 5 ± 0.5 urn on the curved surface of said 
shaft core member, excluding areas where the dy- 
namic pressure generating grooves were to be 
formed. Said inorganic coating material was, for 
example, ceramic ink known under a trade name 
"Printon PI Series" of Nippan Kenkyusho, or a 
ceramic coating material known under a trade 
name "Ceramics" of Nippan Kenkyusho. 

The shaft core member coated with the above- 
mentioned inorganic coating materia) was heated 
for 20 minutes at 150* C in an electric furnace 
thereby hardening said inorganic coating material 
and thus completing the shaft 

The temperature and time of heating of said 
inorganic coating material are generally in ranges 
of 60* to 150*C and 10 minutes to 24 hours, 
depending on the kind of the inorganic coating 



material. 

The ceramic ink and ceramic coating material 
mentioned above, having anti-abrasive property, 
heat resistance and chemical resistance, can pro- 

5 vide a shaft excellent in these properties. 

In addition to the electric furnace mentioned 
above, there may also be employed a far infrared 
furnace or an electron beam furnace, suitably ac- 
cording to the kind of the surface coating material. 

io The present embodiment explained above can 
provide following advantages. 

It allows to optionally select the shape of the 
dynamic pressure generating grooves and to form 
highly precise grooves which are constant in the 

15 cross-sectional shape and area in any position in 
the longitudinal direction of the grooves. 

Also the depth of the grooves can be optionally 
selected by regulating the thickness of the anti- 
abrasive surface coating material at the printing 

20 thereof. Thus, the present embodiment facilitates 
the preparation of shaft and leads to a cost reduc- 
tion thereof. 

In the following there will be explained an em- 
bodiment for said fourth object. 

25 Fig. 12 is a schematic partial plan view of a 
shaft with dynamic pressure generating grooves 
according to the present embodiment. 

There is at first prepared a shaft core member 
41a of a radius determined by subtracting the 

30 radius of the shaft 40 from the thickness of an anti- 
abrasive surface coating material 42. The anti-abra- 
sive coating material is coated on the curved sur- 
face of said chart core member 41a, excluding 
areas where the dynamic pressure generating 

35 grooves 43 are to be formed, and the surface 
coating material 42 is then hardened to form said 
grooves 43, thereby completing the dynamic pres- 
sure generating shaft 41. 

In another embodiment, as shown in Figs. 13 

40 and 14, there is prepared a shaft core member 41a 
of a radius determined by subtracting the radius of 
the shaft 41 from the depth of the dynamic pres- 
sure generating grooves 43, and then a resist 44 
for preventing the deposition of a plated layer is 

45 coated on said shaft core member 41a with a 
thickness at least equal to the depth of said 
grooves in areas where said grooves are to be 
formed. 

After the resist 44 is hardened by baking, plat- 
50 ing is conducted to form a plated layer 46 as 
shown in Fig. 14. After said plated layer 46 is 
formed with a thickness corresponding to the depth 
of said grooves, the resist 44 is removed, leaving 
the plated layer 46 and thus completing the shaft 
55 40. 

In the following there will be explained the 
printing method for the resist of the present em- 
bodiment. 
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Fig. 15 is a schematic view of a gravure print- 
ing machine employed in the present embodiment. 

The resist is filled in a supply unit 54. A 
printing roller 52 having recessed portions 52a in 
the form of the desired grooves is provided above 
the unit 54. When the printing roller 52 is rotated in 
a direction indicated by an arrow, the resist is 
supplied from the supply unit 54 to said printing 
roller 52. After being uniformly flattened in the 
recesses 52a by a doctor blade 53, the resist is 
transferred onto the curved surface of the shaft 
core member 51 pressed by a predetermined pres- 
sure by means of a pressurizing unit 50 to be 
explained later. 

The pressurizing unit 50 is constructed in the 
following manner. 

A yoke 59 is provided with plural guide rodes 
57, of which free ends are fitted in guide holes (not 
shown) of a work support member 58, and are 
equipped with known stoppers at the ends. The 
work support member 58 rotatably supports a pair 
of pressure rollers 55, and plural springs 56 pro- 
vided between the yoke 59 and the work support 
member 58 constantly bias said work support 
member 58 toward the printing roller 52. Thus, the 
shaft core member 51 positioned between the 
paired pressure rollers 55 of the pressurizing unit 
50 and the printing roller 52, is constantly pressed 
under a predetermined pressure to the printing 
roller 52 by means of the elastic force of said 
springs 56. Said pressure can be adjusted to a 
desired value by varying the pressure of the 
springs 56. 

Consequently, when the printing roller 52 is 
rotated anticlockwise, as indicated by an arrow, the 
shaft core member 51 rotates clockwise, and the 
paired pressure rollers 55 elastically press the shaft 
core member 51 toward the printing roller 52, while 
rotating anticlockwise. Thus, even if the shaft of the 
printing roller 52 vibrates, the work support mem- 
ber 58 and the paired pressure roller 55 displace, 
corresponding to said shaft vibration and against 
the elastic force of said springs 56, thereby press- 
ing the shaft core member 51 toward the printing 
roller 52 under a constant pressure. Consequently, 
the resist contained in the recesses 52a is trans- 
ferred to the curved surface of the shaft core 
member 51 with a uniform thickness. 

In case the printing roller 52 is composed of a 
relatively easily deformable material such as sili- 
cone rubber, the recesses 52a generate an error 
by deformation under the above-mentioned pres- 
sure. In such case, the shape of the recesses 52a 
is so formed as to incorporate the error resulting 
the deformation under said pressure, so that the 
grooves transferred to the shaft core member 51 
can be obtained with the desired precision. 



[Example 1] 

A shaft core member was prepared by machin- 
ing a stainless steel rod to a diameter of 3.99 mm. 

5 Said shaft core member was subjected to alkali 

degreasing and surface activation with hydrochloric 
acid, and then an inorganic coating material con- 
sisting of a metal alkoxyd was printed by the 
above-explained printing method on the curved 

10 surface of said shaft core member, excluding areas 
where the dynamic pressure generating grooves 
were to be formed, with a thickness of 5 ± 0.5 urn. 

Said inorganic coating material was for exam- 
ple ceramic ink known under a trade name "Printon 

is PI Series" of Nippan Kenkyusho or ceramic coating 
material known under a trade name "Ceramica" of 
Nippan Kenkyusho. 

The shaft core member with said printed in- 
organic coating material was heated for 20 minutes 

20 at about 150*C in an electric furnace, whereby 
said inorganic coating material was hardened. 

The temperature and time of heating of said 
inorganic coating material are generally in ranges 
of 60* to 150* C and 10 minutes to 24 hours, 

2s depending on the kind of the inorganic coating 
material. 

The ceramic ink or ceramic coating material 
mentioned above can provide a shaft excellent in 
anti-abrasion property, heat resistance and chemi- 
30 cal resistance. 

In addition to the electric furnace mentioned 
above, there may also be employed a far infrared 
furnace or an electron beam furnace, suitably ac- 
cording to the kind of the surface coating material. 

35 

[Example 2] 

A shaft core member of stainless steel having 
diameter of 3.99 mm was prepared and degreased 

40 with alkali solution, and then a resist was printed 
with a thickness of 5 urn or larger, in areas on the 
curved surface of the shaft core member, where 
the grooves were to be formed. 

Said resist was preferably epoxy ink or ceramic 

45 ink known under a trade name "Printon PI Series" 
of Nippan Kenkyusho, in consideration of the print- 
ability, resistance to acids and alkalis, adhesion to 
the shaft core member, and easiness of removal 
after plating. 

so After the printed resist was hardened by baking 
(20 minutes at 150*C), the shaft core member was 
subjected to the steps of alkali washing, surface 
activation with hydrochloric acid and nickel striking, 
and anti-abrasive hard electroless plating of cobalt- 

55 phosphor alloy (pH 9.2, 90 *C) was conducted for 
50 minutes to obtain a plated layer with a thickness 
of 5 ± 0.5 urn. 
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The nickei striking was conducted in this exam- 
ple because the shaft core member was made of 
stainless steel, but it is not necessary if the shaft 
core member is made of carbon steel or the like. 

Other preferred examples of the anti-abrasive 
hard electroless plating are nickel-tungsten-boron 
alloy (pH 6.5, 65 *C, 60 minutes) and nickel-boron 
alloy (pH 6.5, 65 *C, 45 minutes). There may also 
be employed nickel-phosphor alloy (pH 4.5, 90 *C, 
1 5 minutes) or tetrafluoroethylene-containing 
nickel-phosphor alloy (pH 5.1, 90* C. 30 minutes). 

The present embodiment explained above can 
provide following advantages. 

It allows to optionally select the shape of the 
dynamic pressure generating grooves and to form 
highly precise grooves which are constant in the 
cross-sectional shape and area in any position in 
the longitudinal direction of the grooves. 

These advantages are attained also when the 
printing roller is made of a deformable material. 

Claims 

1. A method of forming grooves for a dynamic 
pressure fluid bearing, comprising the steps of: 

forming a plated layer by plating on a shaft 
core member; 

printing a resist on a curved surface of 
said plated layer, other than areas where the 
dynamic pressure generating grooves are to 
be formed; 

removing said plated layer by etching in 
the areas where the dynamic pressure gen- 
erating grooves are to be formed; and 

removing said resist material. 

2. A method according to claim 1, wherein said 
plating is conducted by anti-abrasive hard 
electroless plating. 

3. A method for forming grooves for a dynamic 
pressure fluid bearing, comprising the steps of: 

forming a coating for preventing a plating 
deposition on areas of a shaft core member 
where the dynamic pressure generating 
grooves are to be formed; 

forming a plated layer by plating; and 
removing said coating, thereby forming 
said grooves. 

4. A method according to claim 3, wherein said 
plating is conducted by electroless plating. 

5. A method according to claim 4, wherein said 
electroless plating is conducted by anti-abra- 
sive hard electroless plating. 



6. A method of forming grooves for a dynamic 
pressure fluid bearing, comprising the steps of 

printing an anti-abrasive surface coating 
material on a curved surface of a shaft core 
5 member, other than areas where the dynamic 

pressure generating grooves are to be formed; 
and 

hardening said surface coating material, 
thereby forming said grooves. 

10 

7. A method according to claim 6, wherein said 
anti-abrasive surface coating material is an in- 
organic coating material composed of a metal 
alkoxyd. 

15 

a A method of printing a coating material for 
forming grooves of a dynamic pressure fluid 
bearing, wherein upon printing of the coating 
material for forming the grooves on a curved 
20 surface of a shaft core member, said shaft 

core member is pressed under a predeter- 
mined pressure to a printing roller having re- 
cesses in the form of predetermined grooves 
to perform transferring. 

25 

9. A printing method according to claim 8, 
wherein said recesses in the form of predeter- 
mined grooves are so formed as to correct an 
error resulting from deformation of the printing 
30 roller when it is pressed under said predeter- 

mined pressure. 
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